Abstract To evaluate the impact of rituximab on patientreported outcomes (PROs) in a US-based observational cohort of patients with rheumatoid arthritis (RA). Patients with active RA, prior exposure to ≥1 tumor necrosis factor inhibitor (TNFi) and who newly initiated rituximab were identified. Changes in PROs were assessed 1 year after rituximab initiation. PRO measures included Clinical Disease Activity Index (CDAI); patient global disease activity, pain and fatigue (visual analog score; 0-100); morning stiffness (hours); modified Health Assessment Questionnaire (mHAQ; 0-3); and EuroQoL EQ-5D. Of the 667 patients who newly initiated rituximab, baseline PRO and clinical measures indicated that patients were substantially impacted by their RA disease and quality of life; 54% of patients had high disease activity. One year after rituximab initiation, 49.0, 47.1, 49.8, and 23.2% of patients reported clinically meaningful improvements in patient global, pain, fatigue, and mHAQ, respectively. Morning stiffness and EuroQol EQ-5D domains improved in 48 and 19-32% of patients, respectively. These real-world registry data demonstrated that patients with long-standing, refractory RA experienced improvements in PROs 1 year after initiating rituximab.
Introduction
Patients with rheumatoid arthritis (RA) often experience reduced health-related quality of life (HRQOL), including disability and RA-related comorbidities [1, 2] . The goals of treatment in RA are to achieve low disease activity (LDA) or remission and to improve HRQOL.
Patient-reported outcomes (PROs) include HRQOL indices, such as the ability to perform day-to-day tasks, emotional health, and the degree of pain and discomfort. PROs are increasingly being recognized as important measures in determining response to therapy in patients with RA [3] [4] [5] .
Rituximab is a monoclonal antibody that targets and depletes CD20 + B cells and, in combination with methotrexate, is approved for the treatment of RA in patients who have had an inadequate response to ≥1 tumor necrosis factor inhibitor (TNFi). Limited data exist on the effect of rituximab on PROs in real-world clinical settings. This study examined the impact of rituximab on PROs in a US observational cohort of patients with RA.
Methods

Study setting
The Corrona RA Registry is an independent, prospective, observational cohort of patients with RA [6, 7] . 
Study analysis population
Adult patients with RA who initiated rituximab for the first time within Corrona from March 2006 to September 2015 were identified. Eligible patients had available PRO measurements at baseline (around the time of rituximab initiation) and 1 year (9-15 months) after rituximab initiation. All patients had previously received ≥1 TNFi and had low, moderate, or high disease activity based on Clinical Disease Activity Index (CDAI), defined as CDAI >2.8.
Assessments and outcomes
CDAI was assessed at 1 year and evaluated by the median change from baseline and by the proportion of patients achieving LDA/remission (CDAI ≤10). PROs were assessed at 1 year and included the median change from baseline and the proportion of patients reporting minimum clinically important differences (MCIDs; defined as improvement of ≥10) in patient global assessment of disease, pain, and fatigue (0-100 on a visual analog scale) [8] ; improvement in morning stiffness (duration in hours); proportion of patients achieving a clinically meaningful improvement in modified Health Assessment Questionnaire (mHAQ), defined as a decrease of >0.25 from baseline in the mHAQ score [9] ; and improvement in the EuroQol EQ-5D overall health status index, which records patient-reported HRQOL across five domains (walking, self-care, usual activities, pain/discomfort, and anxiety/depression). EuroQol EQ-5D results are examined using a summary index (0-1) or by individual evaluation of each domain [10] . Improvement in EQ-5D domains was defined as the proportion of patients with any improvement or resolution of impairment among patients who reported impairment at baseline.
PROs and CDAI were evaluated for both the overall cohort and in patient populations stratified by number of prior TNFis (1 or ≥2 prior TNFis). For patients with ≥2 visits within the time frame for the 12-month visit, the visit closest to 12 months was used.
Statistical analysis
Comparisons between the 1 and ≥2 prior TNFi groups were performed using χ 2 , t, or nonparametric equality-of-medians tests, as appropriate. Responses for the outcome measures were available for >95% of patients during the time when the variables were part of the data collection process; patients with missing data were excluded from outcome analyses.
Results
Patient demographics and baseline PROs
A total of 667 patients were included ( Supplemental Fig. 1) ; 284 (42.6%) had received 1 prior TNFi, and 383 (57.4%) had received ≥2 prior TNFis. Most patients were female (78.7%), and the overall median age was 59 (interquartile range [IQR], 50-66) years ( Table 1 ). The median duration of RA was 13 (IQR, 7-21) years, and 53.8% of patients had high disease activity (CDAI >22) at baseline. Significantly higher proportions of patients with ≥2 prior TNFis had received ≥1 nonTNFi biologic (53.8 vs 39.1%) and were in high disease activity (CDAI >22; 58.2 vs 47.9%) than patients with 1 prior TNFi.
Patients were substantially impacted by their RA at baseline. Overall, baseline median (IQR) scores for patient global assessment, pain, and fatigue were 40 (25-60), 60 (31-75), and 65 (40-80) mm, respectively ( Table 1 ). The baseline median mHAQ score was 0.6 (IQR, 0.3-1), and patients reported a median of 1 (IQR, 0.5-2) hour of morning stiffness. Most patients reported at least some problems in the EQ-5D categories of walking (75.7%), usual activities (81.1%), and pain/ discomfort (95.8%). Almost one-half of all patients reported at least some problems in self-care (48.6%) and anxiety/ depression (49.0%). Baseline PRO scores were mostly similar between patients who had received 1 or ≥2 prior TNFis, with the exception of fatigue and morning stiffness.
Rituximab persistency
Overall, 78.9% of patients persisted on rituximab through 1 year, whereas 21.1% switched to another biologic before 1 year. Among all patients, 63.3% received rituximab retreatment and did not switch to another biologic, and 15.6% did not receive rituximab retreatment but also did not switch to another biologic (Supplemental Table 1 ).
Improvement in CDAI and PROs 1 year after rituximab initiation
The median improvement in CDAI from baseline to 1 year was 8 (IQR, 17.8); results were similar between patients with 1 or ≥2 prior TNFis. Overall, 30.4% of patients achieved CDAI LDA/remission (CDAI ≤10) at 1 year. A significantly higher proportion of patients with 1 prior TNFi achieved CDAI LDA/remission than patients with ≥2 prior TNFis (37.7 vs 25.1%, respectively; P < 0.001).
Improvement from baseline was observed in all PRO measures at 1 year. The overall median (IQR) scores of patient global assessment, pain, and fatigue improved by 7 (35), 7 (30), and 9 (25) mm, respectively. The proportions of patients with improvements ≥MCID in patient global assessment, pain, and fatigue were 49.0, 47.1, and 49.8%, respectively (Fig. 1a) . Clinically meaningful improvement in mHAQ was reported in 23.2% of patients (Fig. 1b) . Almost one-half of all patients (48.3%) reported some improvement in morning stiffness, with 19.8% reporting a reduction in the duration of morning stiffness of >60 min (Fig. 1c) .
Patients also experienced improvement in all EQ-5D domains at 1 year; among patients who reported problems at baseline, 19% of patients reported at least some improvement in walking, 30% in self-care, 24% in usual activities, 23% in pain/discomfort, and 32% in anxiety/depression (Fig. 2) . Among patients who reported problems at baseline, 19% of patients reported no problems in walking, 27% in self-care, 18% in usual activities, 11% in pain/discomfort, and 32% in anxiety/depression. Similar improvements were observed between patients who received 1 prior TNFi and those who received ≥2 prior TNFis. tumor necrosis factor inhibitor. a MCIDs for patient global assessment, pain, and fatigue were defined as median improvement from baseline to 1 year of ≥10 on a visual analog scale (0-100). b Meaningful improvement in mHAQ score was defined as an improvement of >0.25.
Fig. 2 Improvement in EQ-5D
categories at 1 year among rituximab initiators, overall and by prior TNFi use. TNFi tumor necrosis factor inhibitor. a Percentage of patients reporting improvement among patients who reported difficulty in each measure at baseline. b Improvement in the EQ-5D domains was defined as either patients improving from moderate to no disability or those with severe disability improving to moderate or no disability
